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RESULTS OF Z_ EXPERIMENTAL INVESTIGATION TO DETERMINE

ORBITER AND SOLID ROCKET BOOSTER JET PL_ INDUCED

EFFECTS UTILIZING A .01-SCALE INTEGRATED VEHICLE

SPACE SHUTTLE MODEL (75-0TS) IN THE NASA/ARC 9 X 7-

FOOT LEG OF THE UNITARY PLAN WIND TUNNEL (IA138)

by

R. H. Mulfinger and J. Marroquin

Rock_rell International, STS D&P Division

ABSTRACT

This report documents the data obtained during wind tunnel test: I_ L38; a

supersonic, integrated vehicle, jet plume effects test program. _e

model simulated the jet plumes generated from the SSME and SRB sy_ :ems

by directing unheated high-pressure air through precalibrated flo_-through

nozzles. IA138 was conducted in the 9 x 7 leg of the Unitary Pla_ Wind

Tunnel using an .01-scale model of the Space Shuttle Launch Vehicl _.

The basic objectives of this program were to determine the effect _f the

Space Shuttle Main Engines and Solid Rocket Booster plumes on:

i. Wing panel shear, bending and torsion

2. Inboard and outboard elevon hinge moments

3. Orbiter, external tank and solid rocket booster afterbod_

pressure distributions and acoustic environment.

Testing was conducted over the range of Mach numbers :From 1.55 to 1.5

with Reynolds number variations between 4.4 and 3.01 x 106 per foc
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ABSTRACT (Concluded)

respectively. Angle-of--attack varied from -8 to +6 degrees at sideslip

angles of -4, 0 and 4 degrees. Inboard and outboard elevon deflection

angles were also varied during the test program.
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NOMENCLATURE

SYMBOL MNEMONIC DESCRIPTION

ALPHA model angle-of-attack; degrees

am distance between bending gauge electl cal
centers

ABE T ABET external tank base area; ft. 2

ABORB ABORB orbiter base area; ft. 2

ABSRB ABSRB base area for both SRB's_ ft. 2

ATMPS ATMPS MPS nozzle throat area; in. 2

ATSRB ATSRB SRB nozzle throat area, in. 2

BETA model angle of sideslip; degrees

b BREF model span; in.

Bw BW wing-root bending moment, about Yo - )5; in-lbf.

Bwi BWI wing-root bending moment at inboard g; ige; in-lb.

Bwo BWO wing-root bending moment at outboard _ _uge;
in-lb.

CBAR wing mean aerodynamic chord; in.

CBw CBW, CBMW wing-root bending moment coefficient _ oub
Yo = 105

ce CE elevon chord; in.

Chei CHEI inboard elevon hinge moment coefficien _ about
hingeline

Cheo CHEO outboard elevon hinge moment coefficie t, about
hingeline

CNw CHW wing panel normal force coefficient

Ii



NOMENCLATURE (Continued)

SYmbOL MNEMONIC DESCRIPTION

Cpi CP(i) pressure coefficient, i = tap number;
Cp i = (Pi - P_)/q_

(Cpb)oR B CPBORB orbiter base pressure coefficient

(Cpb) CPBET external tank base pressure coefficientET

(Cpb) CPBSL left SRB base pressure coefficientSL

(Cpb)sR CPBSR right SRB base pressure coefficient

CTw CTW, CTMW wing torsion moment coefficient, about
Yo = 1307

d transfer distance from Y = 105 to electrical

axis of wing gauge #2; in.

em transfer distance from Xo = 1307 to wing gauge
#3; inches

Hme i HMEI inboard elevon hinge moment about hingeline;
in-lb.

Hmeo HMEO outboard elevon hinge moment about hingeline;
in-lb.

KA wing bending deflection constant; °/in-lb.

KAEI inboard elevon deflection constant; °/in-lb.

K£EO outboard elevon deflection constant; °/in-lb.

KI KI inboard elevon hinge moment constant; in-lb/mv/v

K0 KO outboard elevon hinge moment constant;

in-lb/mv/v

_B LREF reference body length; in.

mv stain gauge output; millivolts

M MACH freestream Mach number

12



NOMENCLATURE (Continued)

SYMBOL MNEMONIC DESCRIPTION

N W NW wing panel normal force; lb.

Pco or
PCORB orbiter chamber pressure; psia

PcOR B

Pcs or

Pcs_ M PCSRM SRM chamber pressure_ psia

PCN PCN nozzle chamber pressure, N indicates ch mber

location; psia

Pei PE(i) nozzle exit pressure, ith tap number; p ia

Pi P static pressure, ith tap number; psia

P or Po P or PO tunnel freestream static pressure; psia

Pt PT tunnel freestream total pressure; psia

(pc/P_)oR B SSMEPR or Orbiter main engine #2 (#i) pressure ra [o;
CPR02 Orbiter nozzle chamber pressure/freestr, _m

(CPROI) static pressure

(pc/P_)SRB SRBPR or Right SRB nozzle (Left SRB nozzle) pres: ire

CPRSR ratio; SRB nozzle chamber pressure/free! _ream

(CPRSL) static pressure

q Q(PSF) or Q tunnel freestream dynamic pressure; psf

Rn/ft RN/L unit Reynolds number; per foot

Se SE elevon reference area; ft. 2

Sw SREF model wing area; ft. 2

T TR average tunnel static temperature; OR

TT TTR average tunnel total temperature; OR

TToRB TORB orbiter plume air total temperature; °R

TTsRM TSRM SRM plume air total temperature; OR

]3



NO_fENCLATURE (Continued)

SYMBOL MNEMONIC DESCRIPTION

TW TW wing-root torsion moment at gauge; in-lb.

V voltage applied to strain gauge; volts

WMp S MPS nozzle mass flow; #/sec. per nozzle

WSRB SRB nozzle mass flow; #/SeCo per nozzle

XON orbiter nose station; in.

XWRC orbiter orbiter longitudinal wing reference

station; in°

(X/C)BF X/CBF longitudinal distance along body flap/body

flap chord length

X/D X/D longitudinal location of pressure orifice

on nozzle/nozzle exit diameter (see Figure 2n

or Figure 2q)

X/L X/L longitudinal distance along orbiter fuselage/

orbiter body length

(X/L) S S/LS longitudinal distance along SRB/SRB length

(see Figure 2p)

(X/L) T X/LT longitudinal distance along external tank/

external tank length (see Figure 2o)

Y_C orbiter lateral wing reference station; in.

Yo YO lateral location of pressure orifice on orbiter

base; inches (M.S.) right (+) or left (-) of

longitudinal Genterline (see Figure 2])

Zo ZO vertical location of pressure orifice on orbiter

base; inches (M.S°) above water line zero.

(see Figure 21)

- _MPP location of Moment Reference Point for data

YMPP reduction. Longitudinal (X), Lateral (Y) and

ZMRP Vertical (Z) station on orbiter

- NO. Station number

&CN W incremental normal force on wing due to engine
plumes

&CTw incremental torsional moment on wing due to
enging plumes

ACB W incremental root bending moment on wing due

to engine plumes

14



NOMENCLATURE (Continued)

SYMBOL MNEMONIC DESCRIPTION

ACHEI incremental hinge moment on inboard ele on due
t o engine plumes

ACHEO incremental hinge moment on outboard el yon due
to engine plumes

AELI DI left inboard elevon deflection due to i _d;
degrees

AEi,0 DO left outboard elevon deflection due to 3ad;
degrees

_ELI ELVI left inboard elevon setting, corrected )r
load deflection; degrees

_ELo ELVO left outboard elevon setting, corrected _or
load deflection; degrees

_ELI(SET) ELV-IB or inboard elevon deflection setting; degr, _s
EI

_ELo(SET) ELV-OB or outboard elevon deflection setting; deg: _es

q ETA spanwise location of pressure orifice oi body
flap, (wY/b) (see Figure 2m)

PHI radial position of pressure orifice on

component, degrees. (see.Figure 2k)

#W deflection of R/H wing panel in pitch p] .ne due
to torsion moment; degrees (positive LE-.p)

_W deflection of R/H wing panel in roll pla e due

to bending moment, degrees (positive ti_
upward)

Pressures

CPi CP(i) pressure coefficient for model surface t p i

(pc/p_)j CPR(j) chamber pressure ratio for nozzle j

15



NOMENCLATURE (Continued)

SYMBOL _EMONIC DESCRIPTION

(pe/p_,)j EPR(j) exit pressure ratio for nozzle j

PC(j) chamber pressure (absolute) for nozzle j; psia
Pcj

Pej PE(j) exit pressure (absolute) for nozzle j; psia

Pi P(i) pressure (absolute) at model Surface tap; psia

Subscripts

B base, body, bending

C chamber

e exit

E elevon

ET external tank

G gauge

i surface pressure tap number

I inboard

j location 3 = 1 upper MPS nozzle chamber

3 = 2 L.H. MPS nozzle chamber

3 = 3 R°H. MPS nozzle chamber

3 = 4 L.H. SRB nozzle chamber

3 = 5 R,H. SRB nozzle chamber

j : 95 nozzle #2 internal wall

• .]= 96 (see Figure 2n)
3 = 97

] = 98 nozzle #4 internal wall
3 = 99

= 100 (see Figure 2n)

N nozzle, nose (orbiter)

O outboard

r right

16



NOMENCLATURE (Concluded)

SYMBOL MNEMONIC DESCRIPTION

S solid rocket booster (SRB) or (SRM)

SL L.H. solid rocket booster

SR R.H. solid rocket booster

SRB solid rocket booster

SRM solid rocket motor

1 external tank, total, •twisting or torsi n

W wing

left

static freestream

17



INTRODUCTION

Model 75-0TS, a 0.010-scale model of the integrated space shuttle vehicle,

was tested in the ARC Unitary Plan Wind Tunnel. The test was conducted

in the 9 x 7-foot supersonic test section between August 15, 1978 and

September i_ 1978 for a total of 70 occupancy hours. The shuttle program

test designation was IA138 and the facility test number was 97-246-1.

Cold air flow through the space shuttle main propulsion system (SSME),

the solid rocket booster (SRB), and Solid Rocket motor (SRM) nozzles were

used to simulate the rocket plumes. Air to the main engines was ducted

through a single passage from the back of the sting, up through the blade

and through three passages to the orbiter afterbody which formed the SS_

chamber and nozzle mounts. Air for the SRB's was ducted up the blade

strut via two passages to a common plenum inside the External Tank (ET),

out to the booster plenums through five passages in each innterstage

strut and hence through the nozzle.

Test variables included Mach number (1.55_M_2.50), angle-of-attack (-8°

to +6o), sideslip angle (0, ±4o), SSME and SRB nozzle pressures and elevon

deflections.

Data gathered in the test included noise levels an(] steady-state pressure

distributions on the aft portion of the orbiter, ET and the left-hand SRB;

wing shear, bending and torsion, and left wing inboard and outboard

elevon hinge moments were measured also.



INTRODUCTION (Continued)

This report presents the results of the test in the following fo: nat:

VOLUME I

Wing force and moment data, elevon hinge moment dats

and element average base pressure data plots and
tabulations.

VOLUME II

Individual pressure orifice plots (sample only - complc e
set available on request from Chrysler NMS)

VOLUME III

Individual pressure orifice tabulation

(Microfiche only - hard copy available on request from
Chrysler DMS)

Micrc iche

Contents Pa_e_ umber

Orbiter Fuselage (A) D/S 01-89 1

Upper Body Flap (B) D/S 01-89 9. L4

Lower Body Flap (C) D/S 01-89 14. L9

Orbiter Base (D) D/S 01-89 19-]0

Number 1 Space Shuttle Main Engine Nozzle

(E) D/S 01-89 30-_8

Number 3 Space Shuttle Main Engine Nozzle

(F) D/S 01-89 38-.3

External Tank Base (G) D/S 01-89 44.-1

Left Solid Rocket Booster (H) D/S01-89 51- 6

Left Solid Rocket Booster Nozzle (I) D/S 01-89 56- 4

Left Solid ]locket Booster Base (J) D/S 01-89 6.5- 6

1 °



INTRODUCTION (Concluded)

Microfiche

Contents Page Number

Right Solid Rocket Booster Base (K) D/S 01-89 66-67

inside Orbiter Maneuvering System (L) D/S 01-89 67-69

2_



REMARKS

Angle-of-attack for the on-line data during the early portion of :he test

program was recorded from the model strut-mounted danglometer. _ Lese

measurements were abandoned later because of unsatisfactory dangJ _meter

calibrations, and angle-of-attack was computed from the facility • _nuckle

sleeve readings. For the final data tape, all angle-of-attack dE a were

_ecomputed based On knuckle sleeve outputs.

Pressure taps 55, 61 and 65 (Scanivalve Number 3, Port Numbers 27 33 and

36) were plugged prior to the start of the test program and no at empt

was made to recover _lhese pressure taps on site because of model omplex-

ity. Several other 1_aps on Scanivalve Numbers 3_ 5 and 6 occasio ally

showed marginally acceptable results on Scanivalve checks made pe iodically

during the test program° The Ports are tabulated below:

Scanivalve #3 Scanivalve #5 Scanivalw_ #6

Port No. _ No. Port No. Ta_ No. Port No. Ta No.

22 51 21 2112 4 :2 _7

23 52 23 2117 7 ]2 [0

34 62 32 2155 i0 2 [3

37 65 37 2165 ii 2 [4

30 2 32

Further, post-test analysis of the data generated additional orif: _es

that were judged bad. These are tabulated in Table IV. The data :abula-

tions of Volume III contain the data as collected, (including bad ,oints),

so the reader is advised to study Table IV before utilizing the d_ :a.
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REMARKS (Concluded)

The Kulite dynamic pressure data measurements were recorded directly on

magnetic tape at the facility° These data are under the jurisdiction of

the Shuttle Structural Dynamics unit at Rockwell, Downey, and will be pro-

cessed and analyzed by that organization.

Reference dimensions called out on the force plots and tabulated force

data are for the total vehicle. Wing force and moment data and elevon

hinge moment data were reduced to their own respective dimensions as

called out in the Data Reduction Section of this report.
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CONFIGURATIONS INVESTIGATED

The model tested was a 0.010-scale representation of the drawing TC70-

000002 mated space shuttle vehicle (see Figures 2a through 2d). 7he

75-OTS model had the capability of simulating the jet plumes gen_ ated

from the SSME and SRB systems by directing unheated high-pressur_ air

through precalibrated flow-through nozzles.

The orbiter was rigidly attached to the external tank by fore and aft

attach hardware and by the strut used for supplying high-pressure air to

the SSME nozzles (see Figures 2e and 2f).

The inboard and outboard elevons on the left wing were spearately _train-

gauged for hinge moments (Figures 2h and 2i). The right-hand wi:n was

strain-gauge instrumented for normal force, bending and torsion m nents

(Figure 2j).

The orbiter was instrumented with 142 surface static pressure tsp_ and 2

acoustic sensors distributed over the fuselage, fuselage base, bo_ , flap

and _[PS nozzles as shown in Figures 2k through 2m.

The external tank was rigidly attached to the main blade air-supplstrut:.

The ET had 34 pressure taps and 3 acoustic sensors as shown in Fi_ _re 2o.

The SRB was instrumented with 67 pressure taps and 3 acoustic sens rs

(see Figures 2p and 2q).
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CONFIGURATIONS INVESTIGATED (Continued)

SSME and SRB flow-through nozzles were constructed of Armco steel and

were deflected to the initial lift-off configuration setting.

The orbiter configuration was denoted as follows:

01 = B62 C12 E52 FI0 MI6 R5 N87 N89 V8 W127

Where the individual orbiter components were defined as (see Figure 2a):

Component Definition

B62 fuselage

C12 canopy

E52 elevon

FI0 body flap

MI6 OMS/RCS pods

R5 rudder/speed brake

N87 MPS nozzle

N89 OMS nozzles

V8 vertical tail

WI27 wing

The external tank configuration was denotes as follows (see Figure 2c):

T = T28 FRIo AT28 AT31 AT32 PT22 PT23 PT24 PT25 PT26 PT27 FLI0 FLII

Component Definition

T28 external tank

FRI0 aft attach cross beam
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CONFIGURATIONS INVESTIGATED (Continued)

Component Definition

AT28 attach structure; Orbiter, aft

AT31 attach structure, SRB

AT32 attach structure, Orbiter, fwd.

PT22 ET protuberance, LO 2 antigeyser ] ne

PT23 ET protuberance, LH2 recirculatic line

PT24 ET protuberance, GH 2 pressure lin

PT25 ET protuberance, LH 2 tank cable t ay

PT26 ET protuberance, GO2 pressure lin

PT27 ET protuberance, LO 2 tank cable t ay

FLI0 LO 2 feedline, aft:, cross member

FLII LO 2 feedline, longitudinal member

The SRB nomenclature is as follows (refer to Figure 2d):

S = $22 N88 PSI1 PSI2 PSI3 PSI4 PSI5 PSI6 PS20 PS21 PS22

Co_j_onent Definition

$22 solid rocket booster

N88 SRB nozzles

PSI1 SRB protuberance, separation motol

PSI2 SRB protuberance, separation motcn

PSI3 SRB protuberance, aft structural I ng

PSI4 SRB protuberance, aft attach

PSI5 SRB protuberance, data capsule
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CONFIGURATIONS INVESTIGATED (Concluded)

Component Definition

PSI6 SRB protuberance, fwd attach footing

PS20 SRB protuberance, cable housing

PS21 SRB protuberance, structural rings (4)

PS22 SRB protuberance_ turbine exhaust (4)
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TEST FACILITY DESCRIPTION

The Ames Research Center 9- by 7-Foot Supersonic Wind Tunnel is a _losed-

circuit, air-medium, variable-density facility capable of attaini _ Mach

numbers from 1.55 to 2.50 at Reynolds numbers from 1.5 x 106/ft t

6.5 x 106/ft. The 18-foot-long test section is part of a dual sy Gem of

supersonic circuits and uses the same motors and compressor as th 8- by

7-foot tunnel. A sliding-block throat arrangement is used to con :oi

Tunnel Mach number.

Models are supported by means of stings attached to the wall-to-w_ il strut/

BOR system of the 9- x 7-foot tunnel.

Schlieren photography, shadowgraphs, and pressure monitoring instl mlenta-

tion are available,
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DATA REDUCTION

The data reduction procedures for Test IA138 involved calculation of:

operating nozzle chamber-total, exit-static pressures, and pressure ratios

for the SRB and main propulsion system (MPS) nozzles; elevon (inboard and

outboard panel) hinge moments and hinge moment coefficient; wing normal-

force coefficient, wing-root bending moment coefficient, wing-root torsion

moment coefficient; and pressure coefficients for the 246 static taps on

the orbiter, external tank, and solid rocket booster.

The methods and equations used for reduction of data were as follows:

Blowin$ System Data

The blowing systems were monitored at two nominal stations; upstream of

the nozzle (chamber pressure), and at the nozzle exits (see Figures 2e

and 2f).

The ratios of chamber pressure to freestream static were computed:

Pco PCORB = ICPR01

SSMEPR

P_ PO
\CPR02

CPRSL
Pcs PCSR /_

P PO
_CPRSR - SRBPR
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DATA REDUCTION (Continued)

The ratios of exit pressures to chamber pressures were computed._

Pei PEI
EPRI (I = i, 2 or 3)

Pc PC

Additionally, the ratios of nozzle internal wall to nozzle chambe press--

ure were computed:

Pw(i) PI = CPRI; (I = 95 thru i00)

Pc PC

Surface Pressure Tap Data

Individual orifice pressures were converted to coefficient form b_

Pi - P_ Cp. = CPI

Element Average Base Pressure

Elements are : Orbiter, ET and SRB.

_I C Ai Element_ELE_NT CPBAvG = PBi Element X AB _m--_-tntJ

where:

Ai area weight for ith tap

AB = element base area

and

_A i Element == ElementAB

Ai Element
values are given in Table III

AB Element
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DATA REDUCTION (Continued)

For the Orbiter:

i = 302 through 307 (Omit 303)

= 313 through 318 (Omit 314 and 317)

= 323 through 334

For the ET:

i : 150]. through 1509

1516 through 1523

: 1530 through 1539 (Omit 1532 and 1538)

: 1546_ 1549, 1551, 1553, 1563

- 1574 through 1577

For the SRB:

i = 2202, 2204, 2221, 2222 (Left SRB)

: 2223, 2224, 2218, 2220 (Right SRB)

Wing Panel Loads

With ml, m2, and m3, the output of the three flexures, and using the con-

stants am, d, and em (see Figure 2j), the right hand wing exposed panel

normal force_ bending nd torsion moments were computed as follows:

NW = Wing normal force

_ : (ml -m2)-- ; ibf
a m
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DATA REDUCTION (Continued)

BW = Wing bending moment about Yo = 105

BW = m2 + [ (ml - m2)] d; in-lbf

t am J
_ = Wing torsion moment about Xo = 1307

(ml - m2) ]

TW = m3 + J em;in-lbsam

Lion_'ertingto coefficient form:

NW
CNW -

q_Sw

BW
CBW -

q_Swb

CTW - _4
q_Sw_

Wing Angular Deflection

Deflection due to wing torsion (@W)

@W = (KWT) (TW); KWT = 0

Deflection due to wing bending (%W)

_W = (KA) (BW): KA = 0.005523°/in.lb.

Elevon Hinge Moments

Inboard elevon panel and outboard elevon panel hinge moment coeffi [ents

were computed by:

HMEI = Inboard elevon hinge moment, inch-pounds
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DATA REDUCTION (Continued)

HMEO = Outboard elevon hinge moment, inch-pounds

ira0(KO)
LVJ0

so that;

Hbfl_I
CHEI .....

q_SECE

HKEO

q_SECE

where q_ = freestream dynamic pressure, psi

SE = elevon area = 3.024 in 2

CE = elevon chord = 0.907 inches

Elevon Deflections under load were computed as:

5ELI = (KAEI) (FLMEI)

AELo = (KAEO) (HMEO)

6ELI 6ELI (set) + AELI

6ELo = _ELo (set) + AELo

Reference dimensions and constants used are listed below:

Symbol Full Scale Nodel Scale

ABE T 597.6 ft 2 .05976 ft 2

ABORB 301.0 ft 2 .03010 ft 2

ABSRB (2) 235.0 ft 2 .02350 ft 2

b 936.68 in 9.3668 in
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DATA REDUCTION (Concluded)

S_mbol Full Scale Model _cale

474.81 in. 4.741 in

LB 1290.3 in 12.90: in

SW ref 2690.0 ft 2 .26( I ft 2

XWRC 1307.0 in 13.07( in

YWRC 105.0 in 1.05( in

:_]i: 210.0 ft2 .021 ft 2

CE 90.7 in .907 in

Note: The reference dimensions and moment locations called out o the

plots and in the tab data refer to the total orbiter. The data

have been reduced as specified in this section; (i.e.)

Wing:

reference dimensions - as noted

bending moment reference Yo = 105

torsional moment reference - Xo = 1307

Elevons:

reference area - elevon planform area

reference chord - elevon chord

moment reference - elevon hinge line (Xo = 1387)

Pressures:

not applicable
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RE_RFaNCES

I. "Pretest " f...... --].n_o.rm_,io_ for Test !A138 of the 0.OlO-Seale 75-0T8 Jet

Plume Space Shuttle Model in the 9 x 7-foot Leg of the NASA/ARC
Ur,.it,.'_.ryPlan _,_indEMnnel, " June 12: 1978.
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TABLE I.

I -TEST : IA138 ATE : S:_ .--'_978'

TEST CONDITIONS

REYNOLDSNUMBER DYNAMICPRESSURI- STAGNATIONTE_,ERATURE_CHNUMBER
(pe[unitlength) (pounds/sq.inch) (degreesFahfEleit)

i.55 4.42 6.26

_' 1.89 4.12 5.[{3

_' 2.2o 3.45 4.<,6

2o59 3.01 3-76

i;

BALANCEUTILIZED: MODEL NON-METRIC*

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF

SF

AF

PM

RM

YM

COMMENTS: * Model mounted on r_g_d strut supplying blowing a.ir.

Three component wing panel balance in :right bane? wing.

D

Individual inboard and outboard elevon hinge moment ba] nces
\
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Table 7i (Contirlued)
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"i_ib_,!;] (Conc]ude<_)

DATASET/R!TN Nb, BER COLLATION St_9'!ARY

DATASET FORCE DATA COEFVICiENT SCHEDULE

IDENTIFIER

ist Character C_4 CB_'64 CTMW CI{EI CHEO CPBORB CPBET CPBSL CPBSR £!

R (D/SI-60_ _9) _f_CH PT P TTR TR ELVI ELVO TORB TSRB

S (D/$6].-87) ALPIIA BETA PT p TTR TR ELVI ELVO TOR_U TSRB
T EI EO DI DO CPRO2 CPROi CPRSL CPRSR

U CPR95 CPR96 CPR97 CPR98 CPR99 CPR] 00 EPRI EPR2 EPR3

4th Character PRESSURE DATA COMPONENT

A Orbiter Fuselage

B Upper Body Flap

C Lower Body Flap

D Orbiter Base

E #i SSME Nozzle

F #3 SSME Nozzle

G External Tank Base

H Left SRB

I Left SRB Nozzle

J Left SRB Base

K Right SRB Base

L Inside Orbiter Maneuvering System (OMS) (Pressure taps 214 and 215)

Independent Variable

DATASET SEQUENCE First Second

001-060,089 BETA ALPHA

061-080,087 Y_CH SSMEPR

081-084,086 MACH SRBPR



TABLE III. ELEMENT NONDIME_SIONAL BASE AREAS

ORBITER BASE ET BASE SRB B_

TAP NO. Ai/ABORB TAP NO. Ai/ABE T TAP NO. _ /AB SR_

328 D.08920 1574 0.05479 2292 1250
332 1563 0 24944 2204

333 r 1546 0 D5992 222'0
323 O. 961113 1549 2221

324 _ 1551 2222
3D2 O. 038133 1553 2223
3)4 1539 0.0231_ 2224

305 1537 2218

306 1536

307 1535

313 1577

315 1534

316 ].533

318 153_
325 1530

326 1523 D.01065
327 1522

329 1521

33D 1520

331 1519

334 1576

15!_,
1517
15i_
1502 D.0!516

15_3
15.)1

15o4
1575

15'o5
1596

15>7

15o8
15>9
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TABLE IVo IA138 PRESSURE DATA DELETIONS

a. Orbiter Fuselage

DATA SET BETA ALPHA @ X/_@ TAP NO.

R3DA01/31 -4 ALL 20° .825 233

02/32 -4 ALL 0o,20 ° 173.233

03/33 -4,0 ALL
04/34 -4 ALL

04/34 0 -6,-4,0
05/35 -4 ALL

06/36 -4 ALL

06/36 0 -6,-4

07/37 -4,0 ALL

08/38 -4 -8,-6,-4,0

08/38 -4 -8,-6,-4,0 200,40 ° .693 222,223
09/39 -4 ALL 0° 20° .825 173 233

10/40 -4,0 ALL

ii/4! -4,0 ALL

12/42 -4 -8,-6,-4,0
13/43 -4 ALL

14/44 -4 ALL

15/45 -4 -8,-6,-4,0
16/46 -4 ALL

[7/47 -4 -8,-6,-4,0

18/48 -4 -8,-6,-4,0
19/49 -4 ALL

20/50 -4 ALL

20/50 0 -6,-4,0

21/51 -4 ALL
22/52 -4 ALL

22/52 0 -6,-4,0
23/53 -4 ALL

23/53 0 -6,--4,0
24/54 -4 ALL

24/54 0 -6,-4,0
25/55 -4 ALL

25/55 0 -6,-4,0
26/56 -4 ALL

26/56 0 -6,-4,0
27/57 -4 ALL

27/57 0 -6,-4,0
28/58 -4 ALL

28/58 0 .-6,-4,0
29/59 -4 ALL

29/59 0 -6,-4,0
30/60 -4 ALL

30/60 0 --6,-4,0
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TABLE IV. (Continued)

b. Left SRB

DATA SET BETA ALPHA _ X/2 s _) NO.

R3DH01 -4 ALL 45°,225 ° .838 2 L2,2117
01 -4 ALL 315° .997 2179

04 -4 ALL 225 ° .838 2117

05 -4 -6,-4_0 45° .838 _i12

-4,0 ALL 225 ° .838 _]17

-4,0 ALL 225 ° .976 2165

-& -6,-4,0 315 ° .976 _169

-4 4,6 315° .997 _179

0 ALL 315° .997 _179

06/36 -4,0 ALL 225 ° .976 _165

07 -4 ALL 225 ° .838 _117
07 -4,C,4 ALL 22_i° .976 !165

08 -4 ALL 225 ° .976 !165

08 -4 ALL 315° .997 !179
i0 -4 ALL 225 ° .838 !117

i0 -4,0,4 ALl, 225 ° .976 !]65

49 -4 -6,-4 225 ° .976 !165
51 ALL

52 -6,-4,0

53 -6,-4

54 I

56
57
58
59

60 i 1

c. Body Flap - Upper Surface

"7-7.........

DATA SET BETA ALPHA n x/Cbf % P NO.

R3DB36 0 -6 .50 -.i0 413
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TABLE IV° (Continued)

d. Left SRB Nozzle

DATA SET BETA ALPHA ¢ X/D TAP NO.

R3DI01 4 4 270 .015,.135 2438,2426
03 -4,0,4 ALL 300 .135 2427

04 -4,0,4 ALL 300 .135 2427
05 0 4 60 .015 2431

06 4 4 60 .015 2431

06 -4,0,4 ALL 300 ,135 12427

07 -4,0,4 ALL 300 .135 2427

i0 -4,0,4 ALL 300 .135 2427

ii -4 6 60,90 .015 24131,2432

ii -4_0,4 ALL 300 .135 2427
19

2o/5o
23
24
25
26

27/57

28 i
29/59 L
30/60
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TABLE IV. (Concluded)

e. (Continued)

DATA SET BETA ALPHA ¢ X/D TAP NO.

R3DE28/58 ALL ALL 0 .058 31

28/58 300 .320 53

29/59 0 .058 31

300 .320 53

30 30 .580 56

30/60 0 .058 31

30/60 300 .320 53
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["cotes:

i. Positive directions of force c0efficienfs, CN C
moment coefficients: and angles are /_ m,.w
indicated by arrows / c_ ,_

2. For clarity, origins of wind and stabiJity Cn _ __
axes have been displaced from the center

o_0_ov,,__ / _J I

C m "

Cn, w

_J J _
w s_ C

nr$

a, Awi,_ Systems D_finition

z":s"e_-- 3 :l_ra_ systems s_a _-gr, conv_-nt!o,n,



b. Instrumented Wing Pane] Coordinate System
Figure i. Continued.



8eLO + 8eLi
8e L = 2

8e R = 8eR O + 8eRi
2

3e -- 8e L + 8e R
2

8e L 8e R

|

Positive Aero Forces i _! _e.
Deflection of Angle and _,foments i _< _-,nt

l

Rudder, 8r +fl , -t9 +Cy , -C n J 4,

Elevon) 8e -_ , -0 Cm I )'="

Right, 8e R __ -C.t I) "_heR

Left, 8e L +qb +CI ! :he L

I
Aileron, 8a +¢ +Cjt i

! :hl, _Body Flap, 8bf -_ , -O -Cm 1 "

c, Control Surface Deflections

Figure I° Coneluded.
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a, Orbiter (01) Components
Figure 2. Model sketches.
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b. Integrated Space: 8}_uttle Vehicle Launci: Coafig',_ration
Figure 2, Continued



F'I" 5

c External Tank (_] Protrusions
Figure 2. Continue<],



;]. Solid Roc_mt }_oo,_t.er($22) Protrusions
Fiklure 2. Continued.



e. SSME Blowing System to S_mulate Jet Pl_nes
Figure ?. Cont_nue_,
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i- Wi_ Panel Data Reduction Distances

Fi,zure 2. Continued.
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k. Orbiter Fuselage Pressure Tap Array
Figure 2. Continued.
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o.. External Tank Pressure T_p Location
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D. SRB Basic Pressure Tap Locatic£

H_gure 8. Continue_.
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q. SRB Nozzle and Base Pressure m,-,n !_eation
Figure 2. Continued°
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a. Three-quarter fron_ view of model 75-0TS

Figure 3. Installation Photographs of Model in Ame_ 9x7 Tunnel



b. Three-quarter rear view of Model 75-0TS

Figure 3. Continued





APPENDIX

PRESSURE DATA - MICROFICHE

Microf: _he

Contents Pa_ N] Iber

Orbiter Fuselage (A) D/S 01-89 1-9

Upper Body Flap (B) D/S 01-89 9-]_

Lower Body Flap (C) D/S 01-89 14-i_

Orbiter Base (D) D/S 01-89 ]_9-3f

Number 1 Space Shuttle Main Engine Nozzle (E) 30-3_
D/S 01-89

Number 3 Space Shuttle Main Engine Nozzle (F) 38-43
D/S 01-89

External Tank Base (G) D/S 01-89 44-51

Left Solid Rocket: Booster (H) D/S 01-89 51-56

Left Solid Rocket Booster Nozzle (I) D/S 01-89 56--64

Left Solid Rocket Booster Base (J) D/S 01-89 65--61%

Right Solid Rocket Booster Base (K) D/S 01-89 66-67

Inside Orbiter Maneuw_ring System (L) D/S 01-89 67-69

Due to the limited disi_ribution of Volume 3 of this data report, ts ulated
pressure data are available on request from Data Management Service .
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